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1. Introduction

The subject contract is one in a ~ ±ries of contracts be-

tween Weston Observatory (Boston College) and AFGL (formerly

AFCRL ) da t ing  back to 1957. These previous contracts are

listed in Table 1. Over the course of the years , geomagnetic

instrumentation has been constructed and maintained on the
* grounds of Weston Observatory , Weston, Mass. The entire facili—

ty has been developed to support Air Force programs investiga-

ting the magnetic environment of the Earth. A principal -
~~~~ 

-

of investigation has been instrument packages consisting of

magnetometers. particle counters and telemetry carried into

the ionosphere by sounding rockets. The instrument packages

were assembled and tested at Weston Observatory . The resultant

data have been analyzed by AFGL personne .

While the continued support of a rocket sounding program

was a line item of this contract, the entire emphasis of the

Air Force program shifted to a broader investigation of the

magnetosphere and hence to the investigation of a different

mode of geomagnetic activity , micropulsations . The major por-

tion of the eofltractual effort then became the design , construc-

tion , installation, calibration and maintenance of portions of

a network of stations for sensing geomagnetic activity and

transmitting results digitally to the data acquisition station

at AFGL , Bedford , Mass. In addition to investigations internal

to the Air Force , the data from the network will be made avail-
I..

able to the international scientific community and will be a

major contribution on the p of the United States to the

three year International Magnetosphere Study ( I ~iS). The INS

is described by Lanzerotti et a11.
Y

I’ 1Lanzerotti , L.J., R.D. Regan , M. Sigiura , D.J. Williams , 1976 ,
Magnetometer Networks During the International Magnetospheric
Study , EØS, T.A.G.U., 57, 6.

~ 
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Previous Contracts

AF19 (604) 3504 April 1, 1957 — March 31 , 1959

AF19 (604) 5569 April 1, 1959 — Sept. 30 , 1961

AF19 (628) 236 Oct. 1, 1961 — Oct . 31, 1964

AF19 (628) 4793 Nov. 1, 1964 — Oct. 31, 1967

F19 (628)—68—C—0094 Nov. 1, 1967 — Oct. 31 , 1970

F19 (628)—68—C—0100 Nov. 1, 1967 — Oct. 31 , .970
F 19 ( 6 2 8 ) — 7 1 — c — 0 0 8 3  Nov . 1, 19 70 — July 3’., 1973

TABLE I

_ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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As has often been the aSC in the past , major  components
of the system have been s~’paratc1y procured by the Air Force
under other contracts. The various components were delivered
to Weston Observatory to be integrated into a working system .
Robert 0. Hutchinson , PHG , has worked closely with the contract
personnel on all phases of the project from initial site investi-

gation to final installation.

2. The Geomagnetic Observatory

The installation of the geomagnetic observatory has been

described in detail in previous reports1. The observatory is

located at 42.385°N, 7l.320°W. The geomagnetic coordinates are

53.900°N, 357.080°E. At an elevation of 190 feet (58 m) , the

site is approximately 15 miles (24 km) west of Boston , Mass.

and is the only geomagnetic observatory in Northeastern U.S.

A plan map of observatory buildings is shown in Figure 1.

2.1 The Variometers

Two sets of standard Ruska variometers of different sensi-

tivities, measuring the horizontal and vertical components and

the declination of the geomagnetic field , record continuously

on photographic paper. Once a month a current of three milli-

amperes is applied to the calibration coils of the variometers

to determine the scale factors. A typical cal ibrat ion is
shown in Table 2. The scale factors have remained essentially

constant since the varioineters were realigned in January 1973.

A sample magnetogram is shown in Figure 2. The baseline values

y are determined by using another instrument to measure the actual

component values at a given time. Available to do this are a

~Finai Report, AF19(604) 3504, 1960.
Final Report , AF19(604) 5569 , 1961.
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Calibration of V~ riometers

Dote March 5, 1976
k

Time 15:40 — 1D:50

I
Current 3 ma. Coil Constant 23.93 gammas/ma . —

high low
H. deflection 48 30

(peak to peak)mm

scale factor 3.0 4.8
(g amina s/mm)
baseline 17965 17835 ‘

(gammas)

D. deflection 25.2 21.6
(peak to peak)mm

scale factor 5.7 6.8
(gammas/mm )

baseline 15.2 15.1
(degrees W)

Z deflection no trace no current
(peak to peak) mm

scale factor
(gammas/mm )

baseline

(gammas)

TABLE II

1*1

1*
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R~ ska theodolite which mca~~:~-:s bc tn the ut~clin~~tion arzd the

horizontal component , a ~uska cb~~~rv~ tory inclinometer , an

Askania Universal Torsion ma~~~ tometer to determine the hor~-

zontal and vertical components and , on loan from the U.S.G.S.

observatory at Fredricksburg , Va., a quartz horizonta l. torsion

magnetometer (QHM) . Through use of the QHM it has bLc •~ o~ s-~~le

to transfer standards from the Fredricksburg , Va. Geomugnatic

Observatory to Weston . In a long series of measurements during

* April 1975, the horizontal component on Pier A was determined

to be 18,220 gammas. Since at the same time the tot51 n d

value on Pier A was 57,13 gammas , the vertical component

54,147 gammas. These , of course , are average values because

the magnetic field is continuously changing and representative

of the time of day (17-18 hours UT at which they were taken.

A value which is stable over some per i od of time , is the base-

• line value of the variometers. But they too must change when

the secular variation requires realignment of the var~-.o~ atcrs

so that the traces be suitably recorded .

With one exception , the variometers have operated continu-

ously throughout the contract period . The high sensitivity

vertical variometer has resisted all efforts at realianment.

The exact cause is not known , but it seems probable tnat tne

balancing mechanism has been damaged . The instrument is no

- 
- longer manufactured and efforts to repair it have been unsec-

cessful.

* Geomagnetic observatory data were published in AFCRL ’s

Geophysical and Space ~ata Bulletin when it existed . The en-

tire data set is available to the international scientific

community because in June 1976 , William Paulishak , director of

the World Data Center A for Solar-Terrestrial Physics , Boulder , *

Colorado , microfilmed the variometer records dating back to

January 1960. Through him , we have had in the :ast year , namer-

ous reqaests for copies of our records. He took the opportanity

to :ilm all the records and make an orranqertent wnercby wc- wa il

send the records to him on a quarter y basis for microfilning .

~~~~~~~~~~~~~~~~~~~~~~~~~~~ :ir iii ~:. ~~~~~~~~~~~~ -- -
~ •~:: 
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2.2 Total Field Nagn~~tu:.~ t.

Weston Observatory has h~~ L~~~•ration almost continuous-

ly since 1957 , a total f Leld ;et 3nL t onk-ter. A very edrly model

of the Varian Associates proton pre-c~-ssion nu~gnetometer was

the first inst~~.•:ent .acd . The physical location of the m~ig—

necometer was of Len cnang~~ coo t rorn the sparse records or toe

locations , it is nearly impossible to reconstruct a history of

the total field variation at the observatory . From January 1965

to April 15, 1973, a Rubidium vapor , total field magnete~
operated at one location , Piar C , Figure 1. A record of ~ Zs

output is published in the Geophysics and Space Data Bulletin

and is on file at World Data Center A , Boulder , Colorado. In

April 1973, this aging sensor failed totally. Experimentation

with a dual cell cesium sensor began shortly thereafter , but it

was not entil. November 1973 that consistent records were ob-

tained and these from a new location , Pier a, Figure 1. in

August 1975, during a period of very high temperature and humid-

ity , this sensor failed . It was returned to the manufacturer ,

Varian Associates , for repair. During a period of very low

temperature in Dece:ber 1975, the replacement Cesium magneto-

meter failed due to a problem in the heater circuit. It was

replaced by the repaired magnetometer , but that failed again

during a cold spell , ~n February 1976 and was replaced by a

Rubidium magnetometer . The Cesium magr .etonetcrs have been re-

paired . The :-kubid~ um magnetometer is still in use.
The total field magnetometer is record ed on a strapohart

and on a printed log . Toe ntripchart records continuously ~t

a speed of six inches per hour. On the printed log the Lam er

precession frequency is recorded at 10 minute intervals. During

a magnetic storm , the stripchart is extremely difficult to read

because of rapid scale changes. As an aid in following the

Stormt :me changes , a gate was set on tn c  frequency counter ~o

t n~It if the frequency varies beyond the prenet imits , t~ •c

-
. printer will be activated every minute . Dur ~ng Narch ~-~d A p r i l

_ _ _ _ _ _ _ _ _ _  
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1976 , we acquired extremely detailed recordings of two very
large magnetic storms which were accompanied by visable aurorae.
The depression during the Apri l  storm , -900 gammas , was the

largest storm for which we have an accurate record.

To insure continuous operation of the total field magneto-

meter during electrical power failures , which are not infrequent,

a standby system was designed and constructed . When the
electrical power cuts out, a bank of storage batteries supplies ,

through an inverter , power to the magnetometer , clock and the
recorders. This has proved time and again to be a comp
reliable system. Once the electrical power is restored , the

bat teries are cut out. The changeover time is about two seconds.
An attempt to reconstruct the recent history of the total

field variation at Weston has led only to f rus t ra t ion .  In Jan-

-: uary 1973 the monthly mean value of the total field was 57305
gammas from a Rubidium sensor on Pier C. In June 1976 the

• monthly mean value was 56975 from a Cesium sensor on Pier B.

According to notes in the bul let in  for the thi rd  quar ter  of
- : 1973 1 the change in location of sensor produced a decrease in

the monthly mean value of 110 gammas. But note 4 in the b~~ 1c-
C tin for the fourth quarter of 19732 states that the measured

d i f f erence between Pier C and Pier B i: about 42 gammas.  The
former value is closer to reality . Pier C is not accessible

now .
We can demonstrate changes in total field values due to

type of sensor. By simultaneously using two portable proton

precession magnetometers the difference between Pier A and
Pier B was determined to be 65 gammas. The difference between

a proton sensor on Pier A and a Cesium sensor on Pier B was

86 gammas. Later the difference between a proton sen-;or on

~:er A and a Rubidium sensor on Pier B was 94 gammas. Pier

differences thus scorn to depend on the type of instrument b-at

1Geophysics and Space Data Bulletin , AFCRL, vol. X , 3, 1973.

2Geophysics and Space Data Bulletin , AFCRL , vol.  X , 4, 1973.
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may also be due to slight ~if fL -rences in the positioning of the

sensors since there is a small gradient across both piers. A

change in Cesium sensors on May 20 , 1974 led to a decrease of

10 gammas. Thus the decrease in the magnitude of the total

field is due for the most part to changes in sensor type and

in the location of the sensor. But all of the change cannot
- 

be at t r ibuted to -mac se factors .  A decrease in the magn i tude
of the dipole component of the magnetic field is very evident

* 

in the coefficients of the dipole term of the IGRF for 1965

compared with the same terms of the 1975 IGRF (Table 3). -

predicted rate of change for the 1965 IGRF was almost 18 gam:.n.-~
- - a yea r , bu t the 1975 IGRF predicts a change of nearly 30 gammas

a year.
- 

- 

This secular change implies a change in the baseline value
- 

• of the total field magnitude. But what ~s a baseline for a

total field magnetometer? The question has no ready answ.::r.

— The proton precession (or a Cesium or a Rubidium) magnetometer

measures the instantaneous magnitude of the total field vector .

- 
That magnitude is a continuously chang ing func t ion  of the loca l
time of day , the month of the year , the configuration of and

¼. 
the charged particle population of the magnetosphere and the

velocity and particle number of the solar wind . At the magnetic

lat i tude of Weston (54°N) the value at local mi dni ght , should ,
- - -

~ on very quie t  days , be the least perturbed value’. Even though

we have previously reported on the quiet day total field varia-

t ion at  Weston and its non—confo rmi ty  w i th  the i n t e r n a t i o n a l

quiet days , a monthly average of the local , quiet day , magnetic

midnight values should be an adec~uate baseline for the magnitude

of the total f i e l d  vec tor .  We plan to compare , each month , the
present  Rubid ium sensor on Pier B with a proton sensor on Pr e r  A.
From plots  of p ier d i f f e r e n c e s  and magne t i c  midnight values we

1Matsushita , S., and W . H .  Campbell , Ed s . ,  P h y s i c s  of G e o magn e t i c
Phenomena , Academic Press , pp. 321—323 , l9~ 7.2Final Report , AF19(628) 236 ,, AFCRL— 64—966 , 1964.
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• Dipole Component

IZ R F  1965 1 IGRF ~975 2

g —30339 —30186
g — 2132 — 2036

h 5758 5753

total 30 954 30653 gam m as

Rate of Cha nge of Di pole Component

15.3 25.6

-• 8.7 10.0

—2. 3 — 10.2

total 17.75 2 9 . 3 2  ga mmas/year

TABLE III

-
~~~ 

‘Knecht , D.J. The Geomagnetic Field , Ai r Force Surveys in
Geophysics , No. 246 , 1972.

2 lnte rna t iona l  Geomagnetic Reference  Field 1975 , EØS , T . A . G . U .
57 , 3 , 1976. 
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h e e  to d isti iish secular ~-h ~na -~rv •~~nt3e in irstru—

mentat ion.

2’ ( I~ i 1 1 V ( R • I I V .  I I

The ~-alac ~~f the ~ ag n e ti c  ob s er v a to r y  to the  sc~~ -n tL f c

comm un ity can be j udg ed by r equests for  use of its data . The

* magnetic e:.:uloraunm o of potential oil and gas resources off tne

coast  of ~ a s s a ch m s et t s  m a d e  use of the  t at a l  f i e l d  records  to

remove the daily variatron from their data. Aero Survey -~~~~~

Houston is , this summer , using the total f i e l d  record ing in
processing a very detailed aeromagnctic survey of r.orthe~ st~-rn

Massachusetts and southern New Hampshire . A team from the U.S.

Geolog ical Survey in Denver used the ~ariometer records to

confirm events recorded on their temporamy network in New Turk

and New Eng land. The Canadian group , which is operating a net-

I 

- work in New York and nor thern N ew Engl and , iu using the i.’ -st-on

v~ riorneter records for comparison with their data . AF’GL

scientists as well as other Air Force contractors h~ v~ cor •t n-

uous ly  used both to tal f ield records ~nd variorneter recorus 1:-.

their studies of the ionosphere , aurorae and sateliite ~~~~~~

And as me nt ioned above , the World Data Center-A has s u f f :e i em t

requests for Weston ’s data to justify the microfilming of the

entire set of variometer records .

3. Facility for the Testin~9 of Magnetic Tnstrnmcntat~ oa

Closely all~~od to thc- geomagnetic observatory is the

~-i- .(Jnet1c Test Tower (Fi qure 1) , dc- s i gne d  to con t ro l  t h e  rui~~ne —

t 1 0  1~ C1 (1 over ~ reiltiv ely small volume of space. The c s i o n

cuns~_ (uCLi un ~1 f i C 1  CaI i Ijr~~t ~on a: the LacliLty a~~tai • u in

1 1 ~ of con r~ ~t AF (19) (628) 2 3ti . T1.L U

Syn tem ~s -. set 0: ~o i is  Braunbeic  con : i~J~~r~~t~~o:. -~~-.m ve r y

w e l i  r e u a 1 It e d  c ir e ct  c-~r ;en t  source . Cor~~r -n . 0. ~~~ cu i r
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• pc:mits a decrease , increase ~~~~ ~ j~~fl or L - v ( - n  rL -V~ -r s~~l ~ f
the  a m b i e n t  m a g n et  ic f i e l d  . t \-.~~i ei  ~g 1 sal  ly  des 1 . J S L d  La

test the i n s t r u m e n t a t i o n  p a ck u~~ca of the  rounding r a c k et s  an d
to c al :b rat e  t h e i r  m a g n ~~Lcmeters  over th o  f u l l  range of the
m a rn et i c  e n v i r o n m e n t  they were to en c o u nt e r  in space .  D u r i n g
t ht s  contract period we have  rrs~de .~ome use of tne  f a c i l a t y ,  bit

AFGL sclentiszb , particularly, Bert Schuman have made e>:tens:ve

use of the facility to test satellite magnetometers.

3.1 Repair of a Satellite Boom

On November 2 , 1973, Weston Observatory was delegated by
the AFGL to oversee repair work on an extendable magnetometer

boom for a satellite . The boom was designed to be deployed

about 20 feet from the body of the samellite , once it was in

posi tion in space. On the boom a magnetometer was mounted. [a

the process of calibrating the magnetometer , the boom was sli~~ht—

ly dammged. The damage was repaired and the satellite , S3-2 ,

was successf u l ly  f lown on December 4 , 1975 and is still re—

turning data .

4. Design and Development of an Automatic ~lsqnctic ; rvnno:~

In June 1974 , a Design and Evaluation Report: des~ ca of

an Automatic Observatory Magnetometer was submitted and ~ pprav ~~c i .

Toe problem was to convert the Republic Baseline Magnetometer

to a wor~ iog syster whicn ~-.-aalo :~ ocuce an S Ui t a D L C  o s t u a t  :orm

values of the total intensity and of the three orthogonal c am-

nr)nerts of too vector magnetic f~ e1d at prc - c i e t e r r i i n d st -rv~. •s .

~ :.c - o:,c:r.~t~ ve O jtmer ~~s w, re a Rub icjiirr :ota~ f i - ~~u m ias ~omeLe :

ant a Set of ux r ogoaa1 -~cKeer.an coils. ~
- ‘- ‘ ~~~~~~~~~ iv

~. Ki owa maune t ic f~ cld a ang eacn a x i s  of t I e  coils , h . v.~:-u ~ r
c om u o n en t s  or toe f i e l d  O af l  oc o L J t a i a c ’c . 5 : 0  -~~ - m a - a~ r.. a..

t~~a~ uor.tactor , wa~ ch reJulates the fic~~ or : a r r L a t  tc • .  cm.

—
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w i l l  be rep la ced by electron i c t i m i ng  c~~;cu i t r y .  A new and

well—regulated 28 volt power aupily and hewlett—Packard

Data Punch have been purchased . Since Project MAGAF has top

priority, the system is not yet~ o p e r a t i n g . There i s  s t i l l  work

to be done on the control circuits. We have decided on a tI- n

minute data interval for norma l a eration . Whe n magnetic

activity ir.creures, we shall rely on the frequency gate , men-

tioned above , to in cr e a s e  the recording speed to one minute

intervals. The output ..4’ill be the di g ital Larmor f r equ e ncy
on punched tape which will be processed a t  the  Bostoa C o l i r -  - •

computer center . A disadvantage of this type of output is th~ c

the quality of the data is not known until after processing.

But there is considerable advantage in having the data in

di gital form .

5. The ~~gnetometer Network

The Magnetometer Network has been described in an AFGL
publication’. The principal instruments at each site are a

three component fluxga te magnetometer produced by U.C.L.A. s:4d

a three component searchcoil magnetometer , a produc t of Geo-

tronics Inc . Weston Observatory ’s task was to procure corr poac-nts

f o r  the system , test and calibrate the isagnetometers , ins tal i

all  components in mob ile vans , cooperate with AFGL personnel
in the installation at the sites and to assist AFGL personnel

1r4 maintaining the system in operation . The location of the

existing data collection sta e~ ons ar4d projected station are listed

in Table 4.  The Sudbury , Mass, site and Weston Observatory have

been used as test sites for instrumentation before installat:oa

at the more remote stations. A typical network station is

s:•c,wn in F igu r e  3.

1
~< r . ecat ,  D . 5 . , a~~d ? .~~. b a  zich , T h s  ~.: CL ~•I:1qaeL~ ...cte~ h~~~~~i - a .  :~~,

AFG L , Hansco mn A i r  Force Base , MA 1976 .

4
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5. i n s t  r u ;~ieflt.~ t ion V m s

A Design ann Spei:’i H.nIt :lon Lc: o A t :  ;;~~4-c L I  L 4 O I t L ( ) i L ;  for

Mici O 1 )U lnI t - io fl ‘Pro fern ” was 5 4 5 4 5 1 )  l t ,’(j or \ev - I Ihc’r 30 , 4)73

and a Ci or inoi mod 1 i c a t  ion Was S ~~~ ) 1 4 ) V 4  a by A I- ’G L on kc i ; —

ber 5 , 1973. Procurem~1Imt of materials and 4 jUi jSIL ~St began TO —

December 1973.

The mobile i n s t r u m e n t  shel ter  is a s ta : L d ar d  8’ by 2 0 ’
mobile o f f i c e  van made by Rolco Corp . ,  B i ll er i c a , ~Pis s. Ialti-

tions included 4 ”  of r ib e r g i a s s  i n s u l a t i o n  on a l l  s u r fa c~ -

10 , 000 BTU/hr . cooling and 4 , 750 wat t s  h e a t i n g , a work bent :-.
and a second door . The temperature control system for the
combined a i r -condi t ioner -hea ter  and the supp lementa l  ba seboar a
heater was designed to main ta in  an I n side temp erature ci 7 0°F

± 10
0 against  an ou tside tempera ture r~ nge of _20

0 to

allowing a da i ly  inside variation of only i- 4 °F. ~~~~c i n i  clan-

t:ois were installed to prevent heating and coolLng at LSe

same time and to prevent  rap id osci l la t i on of Lao Otat~~COOi

cycle. With all equipment installed and the •T 5~.SCt -~~T.et 1-S5 ~a

operation , the inside temperature was recorded during :~ela-
--mm ~

and October 1974 at Weston . At no time did the i n s i d e  d a i l y
• - • .  .0 - - -variation of temperature exceeQ the limit , : ‘~ F. 4yj~~rC5L

varia tions were less than ± 2°F. The change from heas~ aq to

cooling and vice versa was smooth and reliable.

Aft - r installation at three sites , the compressors of

the air conditior.ers burned Out. The failure was due to the

loss of cool ing fluid through a defect which developed in a

copper-to—aluminum crimp ~~~~~~ speculation is that the Joint

was cracked or weakened during transportation on flatbed smailcr

trucks .  The a i r  condi tioners were moun ted on the rea r wn l ls
of the office van. f- -veri j o l t i n g  dun n t r 1 n s a n  cou~ n a~e~c

af:ected the unction . In the future , tne air coaditicnia c

UnIts w:ll be secured to the floor of the von for sn:pment

installed after transportation.

Figure 4 and 5 g v e  the det~ il~ of tue ~aStrimc-ntaticr. In
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eac h trailer . ‘ ‘ . , c  -~-~ 4 c ~~:e•11 c- ~or rho L .C.u.A . ax4: • . t ~~ m .cne —

sameters and for the C~ aurmnics 1 nauc t ton coil sS4 ’jflCt 0150I~

are in one rack wish she ana1oy to digital cl4nverter , t::e sata

c o n d i t i o n i n g  u n i t  and the Western Union Modem . The test and

recording equipment in the second rack included two Tc-ktrr;.Lcs

‘l’Y4-jUl power supplies and r : ai n f ra i n e , a RG~ 0l ramp genera tor ,

a MR5O1 x-y monitor , a U h50i  dig i tal  m u lt im e t er  and a th ree
channe l  heltoordor wish tmc)lifierS. A cOmolete li s t  of ftrn—

l s hia g s  and housekeeping  equi pment is g iven  in Table 5.

In the int e res t s  of economy , in the f u t u r e  t r a i l e r s, ~~~
test equipment will not be permanently installed . A Tektroa~~c- -i

T:~5l5 mainframe with a SC502 dual trace oscilloscope , a DCfO3

f requency coun ter , an FG5O1 f unct ion  gencr ator , and a DM501
di gital multi :neter , all of which are ~acked in one sai t case ,

- 

, 

have been purchased and will be carried to the sites.

The vans were painted at Weston with markings as required

of buildings on an air base. Due to very high winds encountered

in South Dakota , the van was anchored with aircraft cable Se-
I - cured  so a concrete  pad .

• 5.2 Housing for the ~agnetometers

The shelters for the magnetometers (P i ctu re s  6 , 7 , an:: B )

wer e  desi gned by AE’GL and were to be procured 4-~ndcr  : ;cp4 l r aue

con tracts. The shelters for the Washington site wccc built

commercially. Put ftnancial considerat lo ss dictated t h a t  L h c

o the r s  be bu i l t  at Weston in m o d u l a r  fo rm , assernaled , palasea ,

and then broken down for  t r a ns po r t a t i o n  to the s~~ses. The

shelt er s , described by Fi gures  6 , 7 , •10d 8 , have been com.jJl etc-

ly s at i sfa c~~o r y .  Por the P lo r id a  s i t o , -she ~susU-4~ c on a it t o n s

of neat and very h i~~h P :s~. - l i t y  c O r Sp i - ’ i with tn t  j s o s s in i l i t y  of

; ‘ .r r l r S t n e wincls ,ind ía inn c i I C t a I a - i  t - t  aj - c i -f  f~~ee r u i as s  4 i n : t s

a t n t  a a . C’ r I t - t i ~ ‘ ra - St cC f o r t  ~~~ - - 5  — , I , - 5 5 c~~I f t  - ; r t - : ,

of ‘~~~~~~~
- i t , , ;  :~ :;,a d ~~b free of ~~~~~ - • .. - S i • ;1 . :;- i1

— .  • • - . ; H  1 - r ( 4 v  Is’s a la a 1 5  - -c i a ; .  ru t ; • . ~ i~~~ r ~~~~~ ~cfl : ~‘i  I S

-5 l-
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F u r n is hi ng s :  a de : ;k , il~ ;P 1 t u - t , H~~o~~~c i s t t , c i d - : ra ,

a chair with arms , a caair s i s ho u t  a i rs , a stool - 4-.’it h  a sus~~~ing

seat , fiberg I~~~s fo e s — L a c k s - b  1 rISUlated w~ ndow curtains , afl

electr ic  clock , a was t ebaske t , an int e r i o r  f loor  :sat , and ~~n

exte.rior f loor  s a t .

• Housekeep ing eq ai prr-~ent  and tools in cl ud ing  one of each

of th e fo l lowing :
Flashl ight  Hammer
Extension light Saw

First aid kit Wrecking bar

Snake bite kit Vise

Dust  pan Ax
Brush Soldering gun kit with solder

E rrom Lug wr ench

~0 ’ wooden ladde r Small vo l t-ohmeter
- - Shovel Assortment of hard’-n~re

Fire extinguisher Assortment of connectors and adS

Pail Electrical tape

Sponge Extra fuses

Assortment of stationary supplies

M a n u a l s , workbooks and schematic for the magnetometers and
test equipment.

1’

TABLE V

- . 6 -
- -
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search coil sensors.

5.3 The Fiuxgate Magnetometer

All  magnetometers  were run continuously at Weston for at

least one month prior to installation . Component va’ues were

compared with chose obtained f r om each similar  u n i t , the stand-
ard observa tory instruments and from Schonstedt HSM-l magneto-
meters . Summed component values were then compared with total

field readings from a proton precession magnetometer and she

al ignment of level bubbles with the sensor axes of the x and y

- 

sensor were checked . The combined coarse-fine stepping proce-
- 

- 
dure was investigated for overall smoothness and stepping accur-

acy and for responce effects when observed through the normal
-
~ f ine  output  f i l t e r  section .

A f t er ins ta l la t ion fa i lures  occurred at severa l sites ,
- usually for different reasons. These included a 5 volt power

supply, an intermittant -15 volt power supply, a d r i f t  in the
- 

.~ y—component and an open sensor cable lead. The drift has been

attributed to water seepage in the PVC cable ducts and is being

corr ected by construction of water tight cable and by above
ground conduits. An open cable lead was a direct result of a

gnawing rodent. Steps have been taken to prevent recurrence

-of this action .

- 

5.4 The Searchcoil Magnetometer

-. The searchcoil magne tometers respond to the rate of change

of the magnetic field. A large bar magnet , moun ted so that i t

— could be rotated at varying rpm , produced test fields . The

f requency iesponse of the amplifiers was found to be flat from
i0~~ He r tz  to 1 H e r t z .  The d r i f t  of the a m p l i f i e r s  was w i t h i n
the manufacturer ’s value of + 2 microvolts referenced to input.

- The searchcoil magnetome ters performed e q u a l l y  well when tes ted

in fields of different basic baseline values in the Weston

- ,  —30—
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earth ’s field cancell ing system. Daring long term testing,

simu1atr~ng actual f i e l d  cosciittor.s, s.-.’c a~~ l i f i er s  f a i l e d , b o th
d u r i n g  thund er storms .

Numerous failures occurreti after inn ta~~lat~~on at the s~ tos

due to primarily to two causes: 1) p u t t  L o g  ct~~; jJO Ll fld Ci C C i)  If)

componen t soch ets , and 2) transient induced ope1at~ unal a !, S t )i i

fier failures. The urethane corn~ ound , used to i n su l a t e  anä
mechani:ally stabilize components leaked into I.C. sockets on

almost every printed circuit board , causing intermittant op-

eration or total failure at every site . We found a soiv :-nt

which would remove the urethane and in most (:nae s  restor -d

magnetometers to operation . But severe cases were returl;eci

to the manufacturer , who has changed the manufacturing process

- 
- in order to eliminate future problems and provide more st-ability

dur ing  long term operation.

~t several  sites the opera t iona l  am p l i f i e r  f a i l u r e  sec-rod

to be associated with thunder storms , as had occurred dar ing

test runs at Weston , but could ha rd ly  be cau sed dir ectly by
- 

- 
l i ghtning strikes , because catastrophic failure would be ex-
pected . ~Je borrowed a small laboratory demonstration Van be

Graf genera tor and ran it in proximi ty to the electronic  pac ka ge.
Failure could be induced in one specific component. The failure

- 

- was due to static discharge breaking down junction material in

the operational amplifier. The problem was solved by replacing

the amplifier (type ML7O9A) by a different :;molifjer (BB3522)

The circumstances of the failure were -u n u c u a l , associatton

wi th a lightning storm and the fact snot identical amptif~~ers

in s imi lar  c i r c u i t r y  in thu  snec e l e c t r o n i c s  p a c ka ge  were some—

: times not affected .

5 .5  Addi t ional Sites

Weston personnel assisted in the survey of the geomagnetic

environment of tnt- sites in Call forr~ia and x ’lorida . Procure—

rni~nt and instal la ti on of the van ann fiberglass shelters for

________________________________________ - -



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

the  F l o r i da  s i te  has been CcO~ lL see.

6. C o n c l u s i o n

Five of the s t a t ions ;  in the prop~~seU n e s w ~~L k  have I. - - n

installed and ~re operational. Since Weston P er sonne l  a r e  sow

• thoroughly f a m i l i a r  w i th  the i n s t r u m e n t a t i o n, the i n s t a l l a t i on

of the additional stations should proceed more rapidly. ~-or-

mal maintenance should be routine since common modes e~~ f;’ilure

are known. Catastrophe is not unknown . This summer , a

ning discharge , following the telephone cable , entered the vaO

in South Dakota , destroyed the Western Union Modem and caus~ d

extensive damage to the searchcoii magnetometer electronics ,

A to D converter and DCP. The station was quickly restored

to Ca eration by installing equipment from the experimental

S-ud bury  s i te . The renovated equipment  w i l l  then be i n s taj i e d

in Sudbury . Because of the distances separating the statier.s

and Weston , there are inevitable delays in responding to break-

downs. Therefore a sign if i c a n t  par t of the program of m a i nt en -
ance must  be an ever g rowing  knowled ge of the sys tem;  i t s

strengths, its weaknesses and a continual effort to irn~ reve

its reliability.

I*1
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Contract  Personnel

Robert Dalryrnple Technician 8-1-73
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